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(54) Disk recording system 



(57) When a buffer underrun decision circuit (17) de- 
y/ cides that a buffer underrun is about to occur, data re- 
cording on the disk is interrupted by a recording control 
circuit (18). On the other hand, when the buffer underrun 
decision circuit (1 7) determines that a buffer underrun 



situation has been avoided, data recording is resumed 
by the recording control circuit (18). At this time, data 
recording is resumed from a position of the disk which 
is continuous to data recorded by the time the data re- 
cording was interrupted, thereby recording new data 
continuous to the last recorded data. 
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Description 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

[0001] The present invention relates to a disk record- 
ing syuem which allows data to be recorded in addition 
to already recorded date, and relates in particuter to a 
disk recording system which ensures continuity of re- 
corded data even when buffer underruns occur. 

2. Description of Related Art 

[0002, An optical disk recording system for recording 
date on a disk has been known in which a light beam is 
« radiated from an optical head onto a disk to change the 
reflect*,* of a recording .aver of the disk and thereby^ 
record data on the disk. Among such optical disk record- 
-rtg systems, a CD-R (recordable) drive of the CD (Com- 
pact Disc) family is a well known example in whicrTa 
wnte-once medium that prohibits physical erasure of al- 
ready recorded data is employed. 
[0003] This write-once medium such as a CD-R how- 
ever has a problem of butter underruns in which a rate 
of data transfer for inputting date to a buffer does not 
keep up w«h a rate of date transfer for recording data 
on the medium, and this in turn leads to buffer underrun 
errors wh,ch cause the recorded date to be disconuC 
ouslnmecaseofdisc-at^eortrack-at^S^ 

n J£t ' e ^ ,0 bS WTi " en a ' a P rev »^V des£ 
nated. the recording medium cannot be used when such 
a buffer underrun error occurs. 

[0004] Such buffer underrun error has become more 
likely to occur as the recording rate in CD-R drives^ 
mcreased to be higher than 4 or 8 times the £££ 
rate, and as personal computers are more often oper- 
ated using multi-task functions. Accordingly, bufferun- 
derrun error is becoming a serious problem. 
[O0OSJ On the other hand, in a packet write system 
data can be recorded by each packet, and therefore da- 
ta recording is suspended until the date to be recorded 

SlIr.IT"*' °' 6aCh PaCke '- * e '** Panting a 
buffer undenun error to occur. This is disclosed in lor 
example. Japanese Patent Registered Publication No. 

100061 Here, it is necessary to ensure a compatibility 
between a CD-R drive and a CD-ROM drive such that 
data recorded on a disk by a CD-R drive can be repro- 

c^SS Z!?~T M drive - a p fob,e - 

compatibHity ls also unsolved because the packet write 
system is not always applicable to CD-ROM drives 
[0007] Further, when a CD-R drive records audio date 
corresponding to a CD-DA. a packet write system is not 

[0008] In a packet write system, because link blocks 
must be formed for connecting packets, there is also a 
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problem of disk st rag capacity. 
SUMMARY OF THE INVENTION 
* f°°*l According to the present invention date to t» 

"ead£d b date «™ *» a >^"9 J?£Z£Z 

- =ffi=t! ttSS=~» 

fe< ^ ded lmn » dta «y "efore the j£X 
don of data recording. According*, a buffer undemVn^T 
^rby^^ tearer ^^^ a ^™^r- 

can be prevented, and therefore the recontedrCT? 

to be modulated are stored bv an encnLr 2£ 

- ^/"^eofOsocure^terS:^^ 
sary tor new data to be inputted when recording fe^t 

rup^rrSrdTng 9 ** «» 

2 h F H U,1her - 3 reCOfd,n 9 s,art may be de- 

£e t£ ^"l"''" 9 a " address <* ^t frame , of 
ft. data recorded on a disk while referring to the ad- 
»T ^ ""mediately before the in.er7u P L ^ 
cordng Therefore, as aprccess previous tea 

^ de,ecl ,he v™*™ <* *° 

recorded immediately before the interruption of rec^i 

Z *" POSi,i °" ^"*Tfe?es^ 

can be detected reliably and quickly. ^ 

[0013] in particular, the recording start position is rte- 
tected by detecting an address of L ctata^r^^nt 
"9 Tame previous to the last S S 

ng and counting channel bits using, as a reference! 
name synchronizing signal firsts detected afteMhe 
aforementioned address is detected. Therefore it * 
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possible to additionally record new data on a disk in a 
manner continuous to the data recorded immediately 
befor the interruption of recording. 
[0014] Furth r, as an operation clock used for system 
control, a reproducing clock obtained by reproducing a s 
pit signal may be used until the recording start position 
is detected, and when the recording start position is de- 
tected, the reproducing clock is switched to a recording 
clock used for data recording. Therefore, it is possible 
to make new data to be recorded on the disk synchro- io 
nized with the data already recorded on the disk and to 
immediately initiate system control by means of a re- 
cording clock once a non-recorded region of the disk 
where a reproducing clock is not available is delected. 

• . . .. 75 

BRIEF DESCRIPTION OF THE DRAVyiNGS "'' 

[001 5] These and other objects of the invention "will „ 
be explained in the description below, in connection With 
the accompanying drawings, in which: " .'^t 20 

FIG. 1 is a block circuit diagram showing an exam-, 
pie of a CD-R drive employed in a disk recording, 
system according to the present invention; and 
FIG. 2 is a circuit block diagram showing a detailed & 
structure of a system clock generator 21 . 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

30 

[0016] The preferred embodiment of the present in- 
vention will be described in further detail with reference 
to the accompanying drawings. 

[001 7] Fig. 1 is a block circuit diagram showing an ex- 
ample of a CD-R drive of a disk recording system ac- 35 
cording to the present invention. 
[0018] In Fig. 1. reference numeral 1 denotes an op- 
tical head which irradiates a laser beam to trace a disk 
for writing/reading data onto/from the disk, while numer- 
al 2 denotes an RF amplifier for amplifying an RF signal 
(a high frequency signal) obtained from the optical head 
which reads recorded data on the disk, and tor coding 
the RF signal as binary data to be then output as digital 
data. Reference numeral 3 denotes a head servo which 
performs focusing control for leeding back an output of 43 
the optical head 1 via the RF amplifier 2 so as to focus 
a laser beam on a signal surface of the disk and tracking 
control so that the laser beam will follow a signal track 
of the disk, as well as thread feeding control for moving 
the optical head 1 in the radial direction of the disk. so 
[0019] Numeral 4 denotes a decoder for demodulat- 
ing the digital data output from the RF amplifier 2 and 5 
denotes a subcode demodulating circuit for demodulat- 
ing q separated subcode. 

[0020] Numeral 6 denotes a wobble decoder having ss 
an ATIP (Absolute Time In Pre-groove) demodulating 
circuit 7 which extracts wobble components of 22.05kHz 
from a pre-groove signal of a disk obtained via the RF 



amplifier 2 1 generate components required for rotation 
control of the disk and also demodulates an ATIP from 
the wobble components. 

[0021] Numeral 8 denotes an interlace which con- 
trols, via a connection terminal 9, data transmission and 
data reception to and from a host personal computer 10 
connected outside the system. Numeral 11 denotes an 
encoder which modulates data input thereto via the in- 
terface 8 into recording data to be recorded in the disk 
and 12 denotes an input data RAM for storing input data 
to be modulated by the encoder 11 . 
[0022] When the encoder 11 modulates data based 
on the CD-ROM standard, a sync, a header, an EDO 
(Error Detection Code), and an EC C (Error Correction 
Code) for CD-ROM data are added to the input data. 
Subsequently, a process with a CIRC (Cross inter- 
leaved Reed-Solomon Code) which is an error correc- 
tion code of a CD system is applied while a subcode is 
added, arid further EFM (Eight to Fourteen Modulation) 
is performed and a synchronizing signal is added. 
[0023] Numeral 13 denotes an internal RAM which is ^ 
provided inside the encoder 11 and is used for modula- 
tion processing by the encoder 11 . Numeral 14 denotes 
a laser drive circuit for driving a laser source of the op- 
tical head 1 so as to perform data recording based on 
the recording data of the EFM data outputted from the 
encoder11. 

[0024] Numeral 15 denotes a system control circuit 
which performs system control with regard to disk re- 
cording and reproducing. Specifically, the system con- 
trol circuit comprises an access control means 16 for 
controlling access by selectively referring to a subcode 
address of absolute time information in a subcode (sub 
Q data), which is demodulated by the subcode demod- 
ulating circuit 5, and to an ATIP address of absolute time 
information in ATIP which is demodulated by the ATIP 
demodulating circuit 7; buffer underrun decision means 
1 7, which monitors data capacity stored in the input data 
RAM 12 for determining that buffer underruns are about *" 
to occur in which the data transfer rate for data input 
cannot keep up with the data transfer rate for recording 
data on the disk and therefore data to be recorded be- 
come inadequate or that the situation in which buffer un- 
derruns are about to occur has been avoided; recording 
control means 18 for controlling data recording on the 
disk in accordance with a decision made by the buffer 
underrun decision means; recording start position de- 
tecting means 19 for detecting the leading end of the 
non-recorded region on the disk in which no data are 
recorded to detect a recording start position at which the 
recording control means 18 starts data recording; and 
signal synchronizing means 20 tor synchronizing new 
data to be recorded with the data which are already re- 
corded on the disk by using a synchronizing signal of 
the subcode extracted by the decoder 4 and the sub Q 
data demodulated by the subcode demodulating circuit 
5. The system control circuit 1 5 may be a microcomputer 
operating as each of the aforementioned means through 
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execution of software instructions. It may be preferable 
howver. for any of ,h aforementioned means to* 
hardware circuits. 

[00251 Numeral 21 denotes a system clock generat- 
-ng ccuit for generating an operation clock SSt s 
used for system con.rolof me entire operaT*^ torlisk 
record^ and reproducing, me circurt^s ^ 

«9 synchron.zat.on wim a reproducing clock ctteined 

10026] As shown in Fig. 2, the system clock oenerat 

tern >n9 ° PBratk " anda "hw.id.i « 
tern tor use ,n recording operation. The reproduc,^ 

JZtZ ™ " «V» «X circuit in WW* the 

phase of a reproducing clock reproduced by a clock «! 
producing circuit 22 and the phase of an ou^u Snt 

each other by a first phase comparator 24, which men 
s Z G ^ an r P ^ VOtta ^ ina ^^^aph^e 
thelco^ 

fi?!, , pc OU,put VOfla 9 e fe converted, by e 

,^ k ! W P 388 ""^ 25 " into a * ^.tage. which is as 
fed back to the VCO 23 via a switch circuit 26 Onlhe ? 
other hand, the reference Cock system is constiutedS 

central " ^ **** °' 3 
generated by a quartz oscillating circuit 27 and the 

Phase of an output from the VCO 23 are compared wto 3o 

then generates an output voltage in accordance S* 

from me VCO 23, and me output voltage is converted 
by a second LPF 29. into a d.c. voltage whttKS as 
^o.heVC023v i ameswitchcircK ^ 
S ,h ° dfe k '^cording system thus constituted 
the reccing operat.on is executed as follows. First the 

- mTlrr^ 10 ° P8ra,eS ,0 a,to " «" recoil 
a^cL Lh L^ re ^ 9e "4 ra,in9 " accord <o 

^IZ Z ,° P . era "° n - commands are .hen input- 
ted vb me mterface 8 and recognized by the system 

SSS C T 15 to r rto ' ^, rocorrtn9 

[0028] When performing recording operation me 
swrtch c.rcuit 26 is switched by the signalTynch^izMo « 
means 20 such mat me reference c^k s^eTC 

^ S ■ a ^ ,h K eSyS,emC,OCk9ene ' a,0^2, ^mTco^dL 
ton,n wh«ha,eference clock is generated. Thus^ach 
circuit shown .n Fig. 1 is now ready to operate * syn- 
chronism wim a reference clock. « 

reads a pre-groove signal of the disk. AtTeWS 
groove signal read by the optical head 1 is subjected to 

wave^hapingbymeRFamp fi fier2,thewobble C omp C ! * 
nents are extracted by the wobble decoder 6 from Ee 
s.gnal. and an ATI P is demodulated from the w^bS 
components by me ATIP demodulating circurt 7 



6 



PUt ' r0m ,h ° P 6 ^' computer to to 

to me encoder 11. which modulates the data «to su°i 
ble recording data surta ~ 

1 K 3 Wr,te area 00 disk, data to be 
recorded are sequentially output by each EFM fram! 

SelsTmT" and addfC8S *"* £SSS 

address of the correspond*^ output data are S J,JZ 
Ja,V updated and stored in the address me^££ 
fhe system control circuit 1 5. y 
£0032] The laser drive circun 1 4 drives a laser sn..^ 
°f meop^lheadl based 

S ^ enCOdef *«* ^ding Ihe^to^ 

[0033] When recording data on me dfsl^ me svstem 
clock generator 21 generates a reference clock 

^synchronism w«h me reference clock. 
[0034] During data recording, however wh«,.K ^ . 

daVa on ,hf ri b T frans ' or «.e for writing me 

P03SJ Th« condition woutd eventually reTlt^Tht 

oermndec^swnmeans 17 determines that buffer unde^ 
C00361 When data output from the encoder 11 is inter 

system control circuit 15. Thus recorded^ddras^ 
a subcode (sub Q data) and address intoonation irJZ 

sZT T a0On - '° aCCOrdance «h« address dS 
stored ,n the address memory 15a, the signal ^ 

Jing means 20 manages the hour, minuTanSmt 

o the l^me formation in the sub Q data and the po^^ 

« an EFM frame in the time Morrnabon *eadS^ 

^.frameof medata reckon thecfek^e? 

S ^^^^.whennewdataara^ 
to the encoder from pe^onat computer 10. ^ 
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cess control means 16 accesses th data which had 
be n recorded on the disk befor data recording was 
interrupted using th AT1P demodulated by the ATIP de- 
modulating circuit 7, and the optical head 1 begins trac- 
ing. The tracing may be started, for example, from th 
position several tracks before the address stored in the 
address memory 1 5a. 

[0038] th this tracing process, a pa signal on the disk 
formed by recording data on the disk is read out When 
the EFM data can be obtained form the read pit signals, 
the system clock generating circuit 21 is switched by the 
signal synchronizing means 20 from the condition where 
a reference clock is generated to the condition where a 
reproducing clock in synchronism with the EFM data is 
generated. Accordingly, each circuit shown in Fig. 1 
turns to be operated in synchronism with the reproduc- 
ing clock and the encoder 11 is also ready to perform a 
modulation process in synchronism with the reproduc- 
ing clock. ■ ■ ' 
[0039] The encoder 11 comprises the internal RAM 
13 for storing data to be modulated The internal HAM 
13 is configured such that data necessary for CIRC 
processing ts secured when the data recording is inter- 
rupted so as to secure the interleave length (maximally 
108 frames for EFM frames) necessary tor newty input 
data. Here, it is also possible to increase the capacity of 
the buffer 12 to be used as a memory for securing the 
interleave length, thereby omitting the internal RAM 13. 
[0040] When the encoder 1 1 is ready to perform mod- 
ulation processing in synchronism with the reproducing 
clock, the recording data to be output from the encoder 
11 are synchronized with the data already recorded on 
the disk using a synchronization signal of a subcode ex- 
tracted by the decoder 4 and sub Q data demodulated 
by the subcode demodulating circuit 5 by the signal syn- 
chronizing means 20. By means of the recording control 
means 1 8, the encoder 11 is turned into a standby status 
for outputting data corresponding a frame next to the 
last frame of the data recorded on the disk immediately 
before the interruption of recording while referring to the 
address data stored in the address memory 1 5a. 
[0041] When the encoder 11 is in the standby status, 
the recording start position detecting means 1 9 detects 
the leading end position of the non-recorded region of 
the disk immediately after me recorded region in which 
data are already recorded, by referring to the address 
data stored in the address memory 1 5a. 
[0042] The position of the leading end in the non-re- 
corded region is detected based on the time information 
of sub Q data and the EFM frame position in the time 
information. For the subcode frame (a collection of 98 
units of EFM frames), detection is performed by the sub 
Q data, whereas, for the EFM frame, channel bits are 
counted one at a time using a synchronization signal as 
a reference, thereby determining the terminal end of the 
last frame of the data recorded on the disk. Here, it is 
previously determined how many channel bits constitute 
one frame. 



[0043] When th I ading end of the non-recorded re- 
gion is detected, the system clock generating circuit 21 
is immediately switched by the signal synchronizing 
means 20 from the status in which a reproducing clock 
5 in synchronism with the EFM data is generated to th 
status in which a reference clock is generated. Now, the 
reference clock becomes an operation clock for the en- 
coder 11. 

[0044] Here, the system clock generating circuit 21 
to has the construction shown in Fig. 2. Specifically, a re- 
producing clock generated by the clock reproducing cir- 
cuit 22 is inputted in the first phase comparator 24 where 
the phase of the reproducing clock is compared with the 
phase of an output from the VCO 23. The comparison 
is result o inputted from the first phase comparator 24 is 
inputted via the first LPF 25 into the switch circuit 26. 
[0045] On the other hand, a reference clock generat- 
ed by a quartz oscillating circuit 27 is inputted in the sec- 
ond phase comparator 28 where the phase of the refer- 
20 ence clock is corhpared with the phase of 'an output from 
the VCO 23. The comparison result out putted from the 
second phase comparator 28 is inputted via the second 
LF*F 29 into the switch circuit 26 

[0O46] The switch circuit 26 selects the first LPF 25 
2S until the leading end position of the non -recorded region 
of the disk is detected. Accordingly, in this condition, the 
first phase comparator 24, first LPF 25 and the VCO 23 
operate as a phase locked loop (PLL) for a reproducing 
clock while the system clock generating circuit 21 outr 
30 puts a reproducing dock as an operation clock for the 
system. 

[0047] On the other hand, when the leading end po- 
sition of the non-recorded region is detected, the switch 
circuit 26 is switched such that the second LFP 29 is 
as selected. 

Accordingly, in this condition, the second phase compa- 
rator 28, second LPF 29 and the VCO 23 operate as a 
phase locked loop (PLL) for a reference clock while the 
system clock generating circuit 21 outputs a reference 

40 clock as an operation ctock for the system. 

[0048] . When the switch circuit 26 is switched, a con- 
trol voltage for controlling the VCO 23 is gradually 
changed to a voltage of the selected PLL due to a time 
constant of the first LPF 25 or the second LPF 29. There- 

45 fore, when the condition is switched from where a repro- 
ducing clock is generated to where a reference clock is 
generated, a system clock generated from the system 
clock generating circuit 21 is also changed gradually 
from a reproducing clock to a reference clock. 

so [0049] Simultaneously with the switching of a system 
clock, the recording control means 18 allows data to be 
output from the encoder 11, thereby resuming the data 
recording on the disk. 

[0050] In this case, synchronism has been estab- 
ss fished between the data to be otrtputted from the encod- 
er 11 and the data already recorded on the disk, and the 
encoder 11 outputs data corresponding a frame next to 
the frame of the data recorded by the time data record- 
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mg was interrupted. Accordingly, data recording is r - 
sumed from the position of th disk which is continuous 
to the last data recorded by the time recording was in- 
terrupted, and n w data corresponding a frame subse- 
quent to the frame of the last recorded data can be re- 
corded. 

[0051] The foregoing embodiment has a structure 
which assumes that a disk having date recorded by a 
constant linear velocity (CLV) is rotationaJly controlled 
by the same method and therefore a reference clock is 
generated as a system clock used for recordng opera- 
tion. However, in the case where a disk having data re- 
corded by a linear velocity constant method is rotation- 
ally controlled by a constant angular velocity (CAV) a 
clock in synchronism with wobble components extract- 
ed by the wobble decoder 6 may be generated as a sys- 
tem clock for use in the recording operation 
[0052J While the preferred embodiment of the present 
invention has been described using specific terms, such 
description is for illustrative purposes only, and it is to J 
be understood that changes and variations may be 
made without departing from the spirit or scope of the 
appended claims. 

Claims 2 



1. A data recording system for recording data on a 
disk, comprising: 

a recording control circuit for controlling inter- 
o1slg 0n reSUmption 01 dtala recordjn 9 on the 
a recording start position detecting circuit for 
detecting, as a recording start position on the 
disk, a position continuous to the trailing end of 
data which have been recorded discontinuous- 
ly on the disk due to the interruption of record- 
ing, when the recording is resumed after the in- 
terruption of recording by the recording control 
circuit; and 

a signal synchronizing circuit for allowing data 
to be additionally recorded on the disk after the 
recording is resumed, to be synchronized with 
data recorded on the disk immediately before 
the interruption of recording; 
wherein, when the recording is resumed the 
data are recorded on the disk in synchronism 
with the already recorded data. 

2 ing 313 reC ° rd(n9 SyStem ° f cla, * m 1 ' f urtner compris- 



io 3. 



5. 



30 



40 



SO 



an encoder for modulating input data into re- 
cording data suitable to be recorded on the ss 
disk; and 

a buffer underrun detecting circuit for detecting 
butter underruns in which data to be recorded 



on th disk are inadequate when a data transfer 
rale for inputting data to th encoder is slower 
than a data transfer rate for recording data out- 
put from the encoder on the disk, 
wherein said recording control circuit controls 
; the interruption and resumption of recording 
based on detection results from said buffer un- 
derrun detecting circuit. 

A data recording system of claim 2, further compris- 
ing a buffer for storing said input data, 

wherein said buffer underrun detecting circuit 
detects buffer underruns by monitoring the 
amount of data amount stored in said buffer. 

A data recording system as defined in Claim 2, 

wherein said encoder has a memory for storing 
the input data and 

wherein said memory has a capacity required 
for securing a necessary interleave length for 
new data to be input whe , data recording is re- 
sumed. 

A data recording system of claim 1, 

wherein the data are recorded on the disk in 
frame units, and said recording start position 
detecting circuit sequentially stores addresses 
corresponding to the latest data to be recorded 
on the disk and detects the recording start po- 
sition by detecting the last frame address of the 
data stored on the disk while referring to the ad- 
dress of the data stored immediately before the 
interruption of data recording onto the disk. 

A data recording system of claim 5. 

wherein said recording start position detecting 
arcurt detects the recording start position by 
detecting the address of the data recorded on 
the d.sk immediately before the interruption of 
data recording and. after the address is detect- 
ed, counting channel bits using a frame syn- 
chronization signal as a reference. 

A data recording system of claim 5, 

wherein said recording start position detecting 
circuit detects the recording start position by 
detecting the address correspondng a frame 
which is one previous to the last frame of the 
data recorded on the disk immediately before 
the interruption of data recording and counting 
channel bits using, as a reference, a frame syn- 
chronization signal which is first detected after 
the detection of the address. 
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8. A data recording system of claim 1 . 

wherein the data are stored on the disk as a pit 
signal, and 

wherein, as an operation clock for use in sys- s 
tern operation, a reproducing clock obtained by 
reproducing said pit signal is used until the re- 
cording start position is detected by the record- 
ing start position detecting circuit and said re- 
producing clock is switched to a recording clock 10 
for use in recording data when the recording 
start position is detected by said recording start 

position detecting circuit. ... 
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